We designed and synthesized a new prochiral molecule in which two azobenzene moieties were embedded in [2,2]paracyclophane and showed the chirality induction by E-Z photoisomerization. We also demonstrated the on/off switching of asymmetry by irradiation and reflux respectively.
asymmetry. We have also introduced new molecules showing a different stereo isomerism depending on the geometric isomerism of the azobenzene unit in the molecules. Compounds 2 2 and 3 3 with the E-state of azobenzene shows stable and resolvable enantiomers due to their planar chiral nature of the molecules, while fast racemization originated from the rotation of the included naphthalene or dimethyl benzene rotors at room temperature disturb the isolation of enantiomers in Z-state. In 2011 we succeeded in the optical resolution of enantiomers of the EZ-isomer of 4 which is non-chiral in EE-and ZZ-states. 4 In our design the two azobenzene moieties were connected to a common SP3 carbon atom substituted with phenyl and methyl groups.
The conformational difference caused by the E-Z photoisomerization of one of the azobenzene moieties was successfully utilized for the chirality induction in a point chiral molecule. With these new molecular designs the presence of stereo isomers is Scheme 1: Chemical structures of ever known compounds showing distinct relationship between geometrical and stereo isomerisms. again determined by the geometric isomer states of azobenzene unit(s). One important feature in these works using azobenzene derivatives is that the photo-reversible nature of azobenzene using near UV and blue light irradiation enable us to switch reversibly the stereo isomeric property of the molecules between chiral and non-chiral just by wavelength-selective irradiations.
In this letter we introduce another design using a planar chirality of the substituted [2.2] paracyclophane for switching chirality of molecules by E-Z isomerization of azobenzene. We showed the synthesis and photo-stimulated chirality induction in the new prochiral molecule where on light irradiation chirality induction by E-Z isomerization generated planar chirality in the molecule and the corresponding enantiomers were well separated in HPLC with distinguished, opposite cotton effects.
Moreover, on refluxing the irradiated sample initial symmetric structure was reproduced (Scheme 2). The [2, 2] paracyclophane-4,15-diamine 6 synthesized from [2, 2] paracyclophane via [2, 2] To investigate the photochemical isomerization of azobenzene part in the compound UV/Vis spectroscopy were carried out at room temperature. Figure 1 shows the absorption spectra of 5 in acetonitrile upon irradiation with light of wavelengths 366 and 436 nm. The irradiation at 366 nm caused a gradual decrease in the intensity of the π-π * transition band at 324 nm, with a notable increase in the n-π * transition band at 420-550 nm due to photochemical E-Z isomerization of the azobenzene moieties. The reversal spectral changes were observed upon irradiation with 436 nm. The seeming temperature. An enlarged view of n-π * band is shown in the inset. The concentration of solution was 6.02 x 10 -5 mol L -1 .
isobestic points observed at 278 nm and 423 nm are indicative of almost independent conversion among three isomers i.e. EE, EZ and ZZ with E-Z photoisomerizations of azobenzene moieties. The photostationary states (PSS) were attained in less than 100 seconds by irradiation at 366 nm or 436 nm, while the thermal back isomerization from ZZ to EE was quite slow and found to occur over one week.
The first insight into the chiral nature of the molecule was obtained from the chiral HPLC studies. The HPLC trace for the compound 5 before irradiation showed a single peak at retention time (Rt) = 28.01. The irradiation of 5 at 366 nm generated three new peaks at Rt = 30.52, 34.13 and 78.45 in addition to the initial peak. The irradiations with light of wavelength 436 nm to the solution at 366 nm PSS resulted the increased intensity of first peak with almost diminished fourth peak maintaining second and third peaks ( Figure 2 ). The intensity of second and third peaks changed during irradiations but they remained equal in intensity to each other. Basically, in the normal phase HPLC including chiral HPLC polar Z azobenzene derivative elutes slower than corresponding E isomer. 4, 6 Since the E isomer of azobenzene derivative is thermodynamically stable, 6 In order to further assign the HPLC peaks we isolated the second and third portions of HPLC chromatogram preparatively and measured the CD spectra. The CD spectrum of second eluted fraction of 5 in isopropanol solvent shows one nagative (270 nm) and two positive bands (at 360 nm and 450 nm), and the mirror image spectrum was observed in the case of third fraction (Figure 3 ).
From the results of HPLC and CD, we could unambiguously assign the first peak in HPLC as EE-5, where both the azobenzene units are in trans state, while the second and third peaks as EZ-5 A and EZ-5 B with one azobenzene unit is in trans and the other in cis state but with opposite stereo-structure. The fourth peak in HPLC chromatogram can be assigned as ZZ-5, where both the azobenzene units are in cis state.
Hence it is clear that the regio-structural difference in the substituents generated by the E-Z photoisomerization of one of the azobenzene moieties caused the chirality induction in [2, 2] paracyclophane which resulted separable enantiomers with detectable difference in CD spectra.
We investigated switching between symmetric and asymmetric structures of 5.
As we discussed earlier upon irradiation with 366 or 436 nm, chromatograms corresponding to enantiomers of EZ-5 were generated. After refluxing the same sample for 1 hour in isopropanol solvent, the peaks corresponding to EZ-5 were completely disappeared and the peak for EE-5 was regenerated (for chromatogram see supporting information). Moreover this ON-OFF switching of asymmetry was entirely reproducible at least for three cycles. In this study the amount of induced asymmetry species (ratio of EZ with respect to initial EE) was estimated to be 12 % for 5 as calculated for the concentration of EZ-5 isomer obtained after irradiation at 436 nm in the HPLC chromatogram.
In conclusion, we have designed and synthesized a novel prochiral molecule in which two azobenzene moieties were embedded in [2, 2] paracyclophane. On 366 or 436 nm wavelength irradiation, E-Z photoisomerization of one of the azobenzene moieties turned to produce a difference in substituents on the [2, 2] paracyclophane and thus planar chirality was generated as a result of chirality induction in the compound 5.
Moreover Z-E thermal isomerization regenerated initial symmetric molecule and this on/off switching of the asymmetry was repeatedly accomplished by light and heat respectively. It is expected that this method could be used as photoswitchable chirality induction by circular polarized lights to enrich one of the enantiomers of 5. 3 Such a photoisomerization favoring one of the enantiomers as a product at PSS is under investigation.
General Introduction
Unless otherwise noted, all reagents including solvents were obtained from major commercial suppliers such as TCI, Sigma-Aldrich and Wako used directly without further purification. Thin layer Chromatography and Column chromatography were performed with silica sheet and silica gel (6-21 mm). 
